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checking cope with the small error rates normally encoun-
teredonthislink. Howeveritisstillnot100%reliable. Files
can be transferred daily to a database server in Southampton
using the ISDN dial-up service availabe in the cafe.
This led to an overall system design illustrated in ﬁg-
ure 1. The probes are lowered down holes drilled with hot
water and the base station stands on top of the deployment
area. Practical experience showed that radio losses in the
ﬁrst 10m of ice were far too high, especially in the sum-
mer, so the base station’s radio link is lowered 20-30m into
a hole on an RS-232 cable. Once we had a chance to test
the radio in the cold winter months we found a surface ra-
dio could communicate with probes as well. This means a
winter-only backup radio is possible.
The initial probe design contained one PCB with most of
the functionality, in addition to a one off-board transceiver
PCB. To make better use of the circular space inside the
probe case a cylindrical modular design was made as shown
in ﬁgure 3. While this required more connectors it allowed
each module to be tested separately and problematic mod-
ules easily replaced. The transceiver module (ﬁgure 2, left
Figure 2. Transceiver, Digital and Analogue
boards
PCB) can be used separately, with the serial port adapter
and software running on a laptop. In the ﬁgure the Xemics
module can be seen in the top of the transceiver, with the
power ampliﬁer below it. The component values and layout
between the RF ampliﬁer and antenna were revised a few
times before coupling losses were negligible. This module
- powered from the cells located on the analogue module
(discussed below) - regulates and decouples the power sup-
ply for stable operation and to minimise noise that could
otherwise affect the sensitive analogue module.
The digital module (centre) contains the PIC micro-
controller (underside), a real-time clock (RTC), a digital
temperature sensor and two dual-axis MEMS accelerome-
ters to measure tilt. The PIC is in-circuit programmed via
the headers, and communicates with other boards via the
connectors (left and right of the circuit board). Like the
transceiver, the digital module self-regulates and decouples
the power.
The analogue module (right circuit board) contains two
single-ended and two differential low-noise inputs. The
gains of the differential inputs are adjustable via surface
mount potentiometers. This arrangement allows ﬁne tun-
ing of the sensitive sensors typically connected to differen-
tial inputs. On the other hand, precision resistors determine
the gain of the single-ended inputs as they are typically con-
nectedtolesssensitivesensors. Thisreducesthecomponent
footprint. The analogue board regulates and decouples the
power supply to minimize noise. It also generates a preci-
sion 2.5V reference voltage that is used by the analogue-to-
digital converter of the PIC. The six lithium thionyl chloride
cells and the connector for the sensors are located on the un-
derside of the circuit board.
3.1. Physical Issues
The probe enclosures were made out of solid rods of plastic
(polyester) cut in a CNC milling machine. Although these
have been tested under high pressure by a test system in
the School of Oceanography, Southampton University, it is
difﬁcult to know if their seals fail under the glacier. Potting
compound istypically used in these situations to completely
ﬁll the container but we found the radio electronics was too
sensitive to do this and therefore the probes were left with
air inside.
The base station needed to control the probes, weather
station, GPS, radio modem and other instruments while us-
ing little power. The ﬁrst design used three (one master and
two slaves) PIC processors but it could not be remotely con-
ﬁgured so a low power ARM-based single board computer
(BitsyXfromAppliedData)wasused. Thebasestationnow
runs embedded Linux and is in standby mode most of the
time, where it only consumes 120mW per hour. This is sig-
niﬁcantly higher than the PIC-based solution, but it is still
comfortably within our battery capacity and considerably
outweighs the PIC solution due to its re-programmability.
A custom version of cron (a unix-based scheduler) was
Figure 3. A probe with its casing showing the
pressure gauge and resistivity bolts at one
end